Background/Aims: Antituberculosis drug-induced liver injury (TB DILI) is a frequent medical problem in Pakistan. Critical understanding of various aspects of TB DILI is not only important to manage liver injury but may also prevent unnecessary discontinuation of antituberculosis treatment. The study is aimed to determine the frequency, types, severity and patterns of TB DILI. Study further evaluates various risk factors of TB DILI. Materials and Methods: This is a prospective cohort study of two seventy-eight patients with the diagnosis of tuberculosis, where patients were followed during tuberculosis treatment. TB DILI was defined in accordance to international DILI expert working group. Results: Out of two seventy eight-patients, ninety-five (34.14%) had TB DILI. The most common pattern of TB DILI was hepatocellular (63.15%) followed by mixed (23.15%) and Cholestatic (13.68%). Most of the patients had mild DILI (43.15%) followed by moderate (30.52%), severe (20.01%) and very severe (5.26%). Age > 35 years, concomitant hepatotoxic drugs, extrapulmonary TB and malnutrition are important risk factors for TB DILI. Conclusion: All patterns of TB DILI with varying severity were present. Age > 35 years, malnutrition, extrapulmonary TB and concomitant use of hepatotoxic drugs were risk factors for TB DILI.
Introduction
Tuberculosis (TB) continues to be a major health problem, with 9.4 million incident cases and 1.7 million deaths * Corresponding author. globally in 2009 [1] . Tuberculosis perseveres as an important infectious disease across most of the underdeveloped world. It explains a noteworthy socioeconomic strain. The prevalence of tuberculosis in Pakistan is 350 (158 -618)/100,000 with a mortality rate of 33 (15 -60)/100,000 [2] . Despite the declining trend in prevalence and incidence of tuberculosis in the west, the HIV/AIDS rise has set hurdles for its control in developing countries [3] .
TB DILI (Antituberculosis drug-induced liver injury) is defined as the liver injury as a result of antituberculous drugs in accordance to American Thoracic society and international DILI Expert Working Group. TB DILI (Antituberculosis drug-induced liver injury) is multifactorial including metabolic idiosyncrasy to HLA susceptibility and generation of various free radical species. Metabolic idiosyncrasy claims to be the basis of Isoniazid (INH) toxicity where a CYP-generated toxic metabolite of INH induces oxidative stress causing mitochondrial or other key organelles injury. This concept could explain the enhanced risk of severe liver injury with concomitant intake of rifampicin and pyrazinamide [4] . HLA susceptibility with certain HLA haplotypes where HLA-DQB1 0201 antigen is present where HLA-DQA1*0102 is absent, has been linked with INH induced liver injury [5] .
Rifampicin may itself be hepatotoxic, as observed in cases with positive rechallenge and in situations where it is used alone (as to relieve pruritus). The meta-analysis showed that regimens combining isoniazid and rifampicin were associated with a higher rate of hepatotoxicity (2.5%) than regimens without this combination (1.1%) [6] . Pyrazinamide exhibits a wide range hepatotoxicity which includes idiosyncratic dose-dependent, sporting eosinophilia and granulomatous hepatitis. Pyrazinamide modifies nicotinamide acetyl dehydrogenase levels consequently generating free radical species.
Regardless of great advantages with a combination of several antitubercular drugs having synergistic effects, effectivity against different populations of mycobacterium, prevention of drug resistance and the risk of hepatotoxicity of individual drugs is increased. Even though majority of the patients endure the combination of drugs, a few develop adverse effects where anti-tuberculosis treatment induced hepatoxicity is the most significant adversity [7] [8] accounting for more than 7.0% of all undesired effects [9] [10]. The incidence of TB DILI varied from 2.0% to 28.0% which is based on different populations and definitions [7] .
TB DILI includes liver damage ranging from a minimal elevation of ALT or AST without symptoms to acute hepatic failure often fatal or even requiring liver transplantation.
Asymptomatic derangement of liver enzymes is found in 20% of patients (as a consequence of adaptation) [11] [12] . The less favorable outlook has been reported in patients who develop jaundice, acute liver failure, ascites and encephalopathy [13] . Moreover, TB DILI reduces efficacy of anti-TB treatment which could cause noncompliance, treatment failure and eventual recurrence or drug-resistance [14] . These consequences could momentously hamper effective epidemic TB control.
Various risk factors for TB DILI have been evidenced as old age, female gender, high alcohol ingestion, coadministration of enzyme inducers & other hepatotoxic drugs, Asian ethnicity and advanced form of the disease. Prior viral related (HBV & HCV) chronic liver disease, human immunodeficiency virus (HIV) infection and malnutrition are also established risk factors for TB DILI [7] [15] [16] .
Pakistan is an endemic country for TB where various forms of TB are responsible for a mortality rate of 33 (15 -60)/100,000 [2] . TB DILI leads to treatment failure that may further exacerbate drug resistance causing eventual collapse of TB eradication programme. Critical understanding of clinical features of TB DILI, such as the time of onset, degree of severity, early symptomatology and potential outcomes are of crucial importance in identification of the adverse events with prompt intervention. A primary health care physician should know when to stop anti-tuberculosis treatment (ATT) in case of DILI. Physicians should have comprehensive knowledge of reintroducing strategy as holding ATT even after DILI resolution may lead to rise in TB resistance and can further hamper TB eradication program in Pakistan. The study is designed to:
• Determine the frequency, types, severity and patterns of TB DILI.
• Evaluate various risk factors for TB DILI.
Materials and Methods
This is a prospective cohort study of 278 patients with a diagnosis of Tuberculosis. Local institutional ethics committee approval was sought before commencing the study. The study was conducted at Civil Hospital Ka-rachi, Pakistan. All confirmed cases of Tuberculosis of age ≥ 18 years who had given informed consent were included over a period of eight months after commencement of study. Patient with prior history, evidence of liver injury, suspected multi-drug resistant (MDR) and extensively drug resistant (XDR) TB were excluded.
Tuberculosis Infection
TB was diagnosed by WHO criteria including; a positive culture for Mycobacterium tuberculosis or negative culture with clinical and radiological features, response to anti-tuberculosis treatment or over histological findings. In accordance to Pakistan Society of Chest, treatment recommendations for TB [17] a regimen based on isoniazid, rifampicin, pyrazinamide and ethambutol was given for bactericidal or initial phase. Sterilization or continuation phase of treatment was completed with isoniazid and rifampicin.
Drug Induced Liver Injury (DILI)
Drug induced liver injury was defined by American Thoracic society which is further endorsed by international DILI Expert Working Group [18] . For labeling DILI any one of the following criteria should be met:
• Rise in alanine aminotransferase (ALT) more than or equal to fivefold Increase from upper limit of normal (ULN) • Twofold or more than twofold rise in alkaline phosphatase (ALP) along with associated more than or equal to twofold elevations in concentrations of 5 nucleotidase or γ-glutamyl transpeptidase above the ULN without known bone pathology.
• More than or equal to three threefold rises in ALT concentration and concurrent elevation of bilirubin concentration surpassing 2 times of the ULN.
Pattern of DILI
A pattern of drug induced liver injury (DILI) was established by applying criteria proposed by International DILI Expert Working Group [18] . Pattern of DILI is defined by using R-value where R = (ALT/ULN)/(ALP/ULN) and alkaline phosphatase (ALP) from the same serum sample.
• ALT activity = patient's ALT/upper limit of normal (ULN); ALP activity = patient's ALP/ULN; R = ALT activity/ALP activity.
• Hepatocellular pattern of DILI = R ≥ 5.
• Mixed pattern of DILI = R > 2 and < 5.
• Cholestatic pattern of DILI = R ≤ 2.
DILI Severity Index
The severity of DILI was graded in accordance with International DILI Expert Working Group [18] , where severity of DILI graded as follow:
Mild: Elevated alanine aminotransferase or alkaline phosphatase concentration reaching criteria for DILI * but bilirubin concentration < 2× upper limit of normal (ULN).
Moderate: Elevated alanine aminotransferase or alkaline phosphatase concentration reaching criteria for DILI * and bilirubin concentration ≥2× ULN, or symptomatic hepatitis. Severe: Elevated alanine aminotransferase or alkaline phosphatase concentration reaching criteria for DILI * and bilirubin concentration ≥2× ULN, and at least one of the following:
• International normalized ratio ≥1.5.
• Ascites and/or encephalopathy, disease duration <26 weeks, and absence of underlying cirrhosis.
• Other organ failure considered to be caused by DILI.
Fatal: Death or liver transplantation for drug induced liver injury. * (proposed by International DILI Expert Working Group).
Other Laboratory Test
All baseline investigations were done before initiation of anti-TB drugs including complete blood counts, renal function tests (serum creatinine and blood urea) and both viral markers i.e.; hepatitis B surface antigen (HBsAg) and anti-hepatitis C antibody (anti-HCV). Samples from HBsAg + Ve, anti-HB core antibody (anti-HBc) + Ve, and/or anti-HCV antibody-positive patients were tested for HBV DNA and HCV RNA, respectively. Liver function tests including alanine aminotransferase (ALT), aspartate aminotransferase (AST), alkaline phosphatase (ALP) and bilirubin were done before initiating anti-TB drugs and subsequently at 1, 2, 4, and 6 weeks later. Patients were also pursued clinically during anti-tuberculosis therapy.
Exclusion of Other Causes of Liver Disease
Before attributing DILI to anti-TB drugs, other etiologies of liver diseases were excluded by: IgM anti-hepatitis A virus antibody, HBsAg, IgM anti-HBc in addition to the HBV DNA if the HBsAg and/or HBcAb are positive, anti-HCV antibody and HCV RNA if the anti-HCV antibody is positive. Autoimmune screen (anti-nuclear and anti-smooth muscle antibodies), IgM and IgG against CMV and abdominal ultrasounds were done to assess for liver abscesses, focal lesions or any biliary obstruction if so.
Monitoring of Adverse Drug Events
For monitoring, patients were advised to fill in the specially designed proforma to record patients' self-reported sign/symptoms and drug usages. The listed experiences were discomforts including nausea, vertigo, headache, diarrhoea, arthralgia, and paresthesia, visual and auditory abnormal feelings. Symptoms suggestive of hepatitis (such as nausea, anorexia, vomiting, icterus, etc.) were also documented.
ATT Reintroducing Strategy
Treatment with the hepatotoxic drugs (isoniazid, rifampicin, and pyrazinamide) was immediately stopped in patients with ATT DILI (based on DILI criteria). These patients were managed with a modified anti-TB drug regimen comprising of ethambutol, streptomycin, and a fluoroquinolone. Patients were pursued weekly till clinical and biochemical parameters of acute liver injury stabled. ATT was reintroduced according to American Thoracic Society guidelines [7] where Rifampicin was started with maximum dose on day first followed by INH on day 8 adding pyrazinamide on day 15. The maximum doses were calculated according to body weight.
Assessment of Risk Factors
Various factors associated with TB DILI as age, gender, diabetes with fatty liver, concomitant use of hepatotoxic drugs and nutritional status or degree of malnutrition were evaluated.
Malnutrition
Among various risk factors for DILI in patients on ATT, malnutrition was determined by Subjective Global Assessment (SGA) scheme categorizing patients into stage A, B and C [19] .
Statistical Analysis
Data are analyzed through Statistical Package for Social Sciences (SPSS, version 16.0; SPSS Inc., Chicago, IL) for Windows. Data are expressed as mean ± SD and frequencies as appropriate. Data were compared through Student's t-test and χ 2 analysis for continuous variables and proportions, respectively. Risk factors for TB DILI were evaluated by multivariate logistic regression analyses. Statistical significance was considered at P < 0.05.
Results
Out of 278 patients with a diagnosis of TB, 95 (34.14%) had TB DILI. Most of the patients were male 192 (69.0%). The most common type of TB was pulmonary 59.39% followed by extrapulmonary forms like intestinal, peritoneal, lymph nodes, etc. The demographic detail of patients with comorbids is given in Table 1 .
Clinical Features
Most common symptoms were nausea, vomiting, and jaundice. The overall clinical features of patients with TB DILI are highlighted in Table 2 . 
Pattern of DILI
All three patterns of TB DILI including hepatocellular, mixed and Cholestatic were found. Sixty patients out of 95 (63.15%) had Hepatocellular pattern while 22 patients (23.15%) had mixed pattern. A cholestatic pattern was present in only 13 (13.68%). Patterns of TB DILI are shown in Table 3 .
Severity of DILI
Patients from mild to very severe TB DILI were found in this study. 41 (43.15%) out of 95 patients had mild DILI, 29 (30.52%) patients had moderate DILI while 20 (20.01%), had severe and 05 (5.26%) had very severe DILI. The baseline and serial monitoring of LFTS are revealed in Table 4 . The frequency and mean values of transaminases with respect to degree of DILI have been shown in Table 5 .
DILI after Reintroduction of ATT
On reintroduction of ATT, 19 patients (20%) had mild DILI with INH, 13 (13.68%) patients had mild DILI with 
Assessment of Risk Factors: Age
Out of 278 tuberculosis patients, 179 (64.38%) patients were above 35 years of age. Among patients with this age group 69/179 (38.54%) had DILI with the calculated odd ratio of (1.76, Confidence Interval; CI 0.94 -3.13), relative risk of (1.46, CI, 95% 0.99 -2.22) and p-value of 0.004 * as shown in Table 6 .
Gender
Male gender was assessed as a risk factor for DILI. Among 278 tuberculosis patients, 192 (69%) were male and 114 (31%) were female. Out of 192 male patients 60/192 (31.25%) had DILI with calculated odd ratio of 0.66, (CI 95%, 0.37 -1.16), relative risk of 0.76, (CI 0.54 -1.10) and p-value of 0.13 as shown in Table 6 .
Diabetes
Out 
Concomitant Hepatotoxic Drugs

Degree of Malnutrition
Independent Risk Factors
Among all the risk factors for TB DILI, the use of a concomitant hepatotoxic drug and severe malnutrition SGA B and SGA C were found to be independent risk factors for TB DILI when assessed by multivariate analysis. The odd ratios with p-values are given in Table 7 .
Discussion
The incidence of hepatotoxicity is more common with multidrug regimens for TB compared to INH monotherapy in anti-TB prophylaxis. In this study TB DILI was manifested in 34.17% which is greater than earlier studies where the frequency was 8% -19.8% [20] [21] . A recent Iranian study has shown similar frequency (31.37%) of TB DILI [22] . Low frequency of TB DILI (5%) was reported in a meta-analysis from the west [23] Pulmonary TB was the commonest form of TB in this study whereas an earlier study [24] had lesser frequency of pulmonary TB. Nausea, anorexia, and vomiting are the main clinical presentation of TB DILI in this study which is congruent to the former studies [25] [26] . All three types of DILI were observed here including asymptomatic patients with raised aminotransferase, symptomatic with raised aminotransferase and patients with acute liver failure/encephalopathy. An earlier study showed various types of TB DILI with acute uncomplicated hepatitis (72.7%), fulminant hepatic failure (9.1%) and hepatic encephalopathy (18.2%) [26] . Kumar et al. reported low frequency (5.7%) of ATT induced acute liver failure with high mortality [13] .
All three major patterns of DILI (hepatocellular, Cholestatic, mixed) were present in this study. Most prevalent (63.15%) DILI pattern was hepatocellular followed by 23.15% mixed and 13.68% Cholestatic type. ATT DILI severity was noted from mild to severe in this study. Majority of patients having TB DILI 41 (43.15%) had mild DILI, 29 (30.52%) had moderate DILI while 20 (20.01%) and 05 (5.26%) patients had severe and very severe DILI respectively. Khalili et al. [22] have shown moderate (18.7%), severe (7.8%) and very severe (4.9%) hepatotoxicity with ATT. Maukof et al. [24] have shown the severity of TB DILI by using modestly different cut off values for transaminases. In above study mild, moderate and severe DILI were present in 66%, 26.67% and 13.33% patients respectively. The difference in DILI severity from above study to ours was owing to different cut off values for transaminases used in those two studies. A large Chinese study also showed similarly severe TB DILI [25] Locally published study on TB DILI showed severity according to elevated level of trans- [27] . DILI was also documented after reintroduction of ATT in this study. 20% patients had mild DILI with INH whereas rifampicin and PZA produced DILI in 13.68% and 5.26% on reintroduction. Sharma et al. analyzed rechallenge of 3 antituberculosis regimens in patients with TB DILI [28] . In this study reintroducing strategy of ATT were compared in three management groups where group I patients were reintroduced with highest doses of isoniazid, rifampicin, pyrazinamide simultaneously while group II patients were given therapy according to ATS guidelines (RIF trailed by isoniazid for 7 days, followed by pyrazinamide for 7 days, all in the maximum dosages). Patients in group III were reintroduced ATT as British Thoracic Society (BTS) guidelines where isoniazid, Rifampicin, and pyrazinamide were given sequentially by achieving the highest dose of each agent. Sharma et al. accomplished that the re-emergence of DILI was comparable amid the three treatment groups, (p = 0.69) [28] . The frequency of DILI over the reintroduction strategy by American thoracic society as used in this study was 3.42%.
In contrast, to study by Sharma et al., the Tahaoglu et al. in their study [29] compare the reintroduction regimens of ATT with maximum doses of antituberculosis agents like pyrazinamide and slow reintroduction of ATT without Pyrazinamide. The above study concluded that reintroduction of ATT with maximum doses were more hepatotoxic [29] . The dissimilarity between the above mentioned studies could be owing to a lesser sample size, the lesser treatment restraining limits and possible adaptation [30] . Khalili et al. [22] has shown the overall hepatotoxicity of RIF, INH and PZA were 1%, 3% and 9% respectively.
Advance stage of TB, underlying acute or chronic liver disease, various degrees of malnutrition and indiscriminate use of drugs are considered as major factors for higher prevalence of TB DILI in developing countries. Conversely, it is imprecise whether they are independent risk factors for hepatotoxicity.
Age > 35 year was proven as a risk factor for TB DILI in this study. Latest studies are harmonious to this study where patients over 35 years have 4 fold increased possibility of developing TB DILI [31] . A study reported that the rate of TB DILI encompasses 2% to 8% on aging, with an average of 5% [32] . Other studies accounted that DILI ranges from 22% to 33% in patients over 35 years compared with a range from 8% to 17% in those younger [4] [33] . Mahmood et al. [20] expressed that older age group was affected more with TB DILI than the younger ones (25.8% and 14.4%, respectively). In contrast Steele et al. [34] observed liver injury (hepatitis) in 1% -6.9% of children contrasted to 1.6% -2.5% of adult's instituted isoniazid and rifampicin combination; involving all age groups at threat of emerging DILI. Shakya et al. reported that the rate of TB DILI is more in younger sufferers [35] . This could be elucidated by the fact that the majority of patients in their study were young. A prior Iranian [22] study disapproved age > 35 year to be a risk for developing TB DILI.
The feminine gender is conventionally considered more liable to develop TB DILI. Numerous studies reported increased risk of hepatotoxicity, neither treatment limiting nor the statistically significant [36] [37] . Papastavros et al. showed a 4-fold rise in the risk of treatment limiting TB DILI in females with an overall incidence of 2% [37] . Mahmood et al. [20] reported a higher frequency of TB DILI in females than males (26.3% vs. 19.7%). In contrast, this study along with other recent studies [38] - [40] did not show female gender to be a threat for developing TB DILI. In this study, diabetes was established to be a risk factor for TB DILI. Srivastava RK, et al. [41] also reported that diabetes amplifies TB DILI likewise our study. Earlier studies [42] [43] on the subject also depicted diabetes as a risk factor for hepatotoxicity. An earlier study [22] defined our study and did not prove diabetes as a risk factor. Malnutrition is considered to be a risk factor for TB DILI since long. Current reports keep on validating the significance of low albumin to be a risk factor as well as an indicator of malnutrition mutually for TB DILI. In this study various degree of malnutrition were assessed by SGA scheme and patients were categorized into stage A, B and C. Malnourished patients with SGA B (Odd ratio = 0.29, 95% CI 0.19 -0.65 p = 0.001) and SGA C (odd ratio = 6.69, 95% CI, 3.63 -14.41, p = 0.001) category were at greater risk of TB DILI in this study. The SGA technique uses the clinical information collected during history taking and physical examination to determine nutritional status without resorting to objective measurements like anthropometry [19] [44] . SGA method of assessment has been used successfully to assess nutritional status, in general medical and surgical patients. Earlier studies demonstrated three-fold elevated risk of increasing TB DILI in patients with hypoalbuminemia (<3.5 mg/dl) [5] [31] . Recently weight loss has been implicated as a significant risk factor for DILI [45] .
Concomitant use of hepatotoxic drugs with ATT were also instituted to be a significant risk factor for DILI (Odd ratio = 5.34, CI 95%, 2.69 -10.68, p = 0.000). Previous studies [22] [46] also proved parallel hepatotoxic drugs as a risk factor for TB DILI. In current study, extrapulmonary TB was found to be a risk factor for TB DILI. An earlier study also showed a superior risk of TB DILI in extrapulmonary TB when compared to pulmonary TB [47] . A recent Indian study has also shown that extrapulmonary TB has more ATT DILI compared to pulmonary TB [48] . Concomitant hepatotoxic drugs and severe malnutrition were found to be independently associated with TB DILI when assessed by multivariate analysis. Earlier studies [22] [25] [48] were also congruent with this study for independent risk factors but malnutrition was assessed by low serum albumin rather than SGA staging. Among the risk factors for TB DILI, oxidative stress parameters like Malondialdehyde (MDA), Glutathione (GSH) and Superoxide dismutase (SOD) are also important. The oxidative stress parameters were not determined here, main shortcoming in this study as their serum level also should have been determined before and during the treatment. This would have helped in further understanding of endogenous factors for TB DILI.
Conclusion
TB DILI is a frequently reported medical problem in patients with various types of tuberculosis. All patterns of DILI were present where hepatocellular and mixed were elaborated the commonest. TB DILI ranges from mild injury to very severe or fatal liver damage. Age more than 35 years, malnutrition, extra pulmonary TB and concomitant use of hepatotoxic drugs were identified risk factors for TB DILI. Severe degree of malnutrition and concomitant use of hepatotoxic drugs were found to be an independent risk factor for TB DILI.
